The Mediterranean Sea, ca. 2.5 million km2, is slightly smaller than the inner Caribbean (2.7 million km2) but considerably larger than the Gulf of Mexico (1.6 million km2). The critical climatic features of the region are the particular combination of temperatures and rainfall which leads to summer dryness and winter moisture. During dry months, hydric and thermic stresses both influence Mediterranean biota because potential evapotranspiration largely exceeds precipitation. However, the physiographic diversity of the region results in a wide range of local climates. Mediterranean-type bioclimates progressively intergrade with mesic climates to the north and hot desert climates to the south and east. Thermal belts vary in the Mediterranean region more or less regularly as a function of latitude and altitude (Blondel and Aronson 1995).
The study region comprises the catchment of the Mediterranean Sea limited by its watershed boundaries, except for the Nile where only the delta is considered (for maps cf. Anonymous 1990). For specific aspects, however, also the whole of the Iberian peninsula and the Black Sea region have been included. Furthermore, migratory birds link the Mediterranean region with large parts of three continents: Europe, Western Asia and Africa.
The larger part of the Mediterranean coast is steep and the majority of the rivers draining into the sea are relatively short, originating in nearby mountains. There are nevertheless some coastal plains and large river deltas with extensive freshwater wetlands and brackish or saline lagoons. Inland lakes in the northern Mediterranean basin are generally fresh and permanent; those in 12 the south are more often brackish and temporary.
A large area of Mediterranean wetland has been drained over the past centuries and this process has been accelerated from the late 19th to the 20th Century. There are no comprehensive estimates on the former or present extent of wetlands, but some regional studies have been undertaken. Thus it has been established for Macedonia in northern Greece that, after extensive drainage in the 19th and at the beginning of the 20th Century, 73% of the remaining lakes and marshes have been drained since 1930 (Psilovikos 1992) . Taking only shallow marshes and wet meadows, 94.7% have been drained since 1930 and only 5.3% survived. Macedonian figures may not be representative of the whole Mediterranean region, but large scale drainage has taken place in all countries.
The aim of this overview is to give an account of the more significant research work done on colonial waterbirds in the Mediterranean area. The impact of this research on waterbird and on wetland conservation will be evaluated and the research needs to improve conservation actions will be discussed.
POPULATIONS OF COLONIAL WATERBIRDS IN THE MEDITERRANEAN
Colonial waterbirds breeding in the Mediterranean are listed in Table 1 Table  1 ). A specific analysis for the Mediterranean (Boere and van Roomen 1992), considers seven species (21%) threatened due to small Mediterranean population sizes and declining population trends (category 2). For the large majority, 28 species (85%), the need for habitat conservation measures is acknowledged by the European Union (category 3), and five species (15%) are widespread at present.
Species and site inventories and monitoring programs
In November 1962, the "MAR Conference" at Les Saintes Maries-de-la-Mer in the Camargue (Hoffmann 1964a ) was instrumental in providing a clear structure to Mediterranean-wide winter counts of waterbirds and to start a project to compile a list of European and northwest African wetlands of international importance for waterfowl, published informally by IUCN, the World Conservation Union (Olney 1965 (Rose 1992) .
The counts of wintering waterbirds created much awareness for wetland sites that hold important numbers of birds. This lead to the elaboration of an international "Convention on wetlands of international importance, especially as waterfowl habitat," adopted in Ramsar (Iran) in 1971 (Matthews 1993). Subsequently, ornithological data on wetlands were used for the selection of the most important wetlands for wetland directories covering Europe and North Africa. . Consequently, they proposed the creation of additional colony sites at a varying density according to the availability of foraging habitat. In the Camargue, it has been shown that the creation of safe nesting sites for tree-nesting herons and egrets can attract sizeable colonies, provided that the colony sites are surrounded by good feeding areas (Hafner 1982 ).
An artificially created nesting island in the Camargue has provided for twenty years the main breeding site for the entire Greater Flamingo population of the western Mediterranean. Flamingos did not attempt to breed in the Camargue from 1964 to 1968. This was due to the degraded state of their traditional breeding island and to various forms of disturbance, including low-flying aircraft (Johnson 1982) . The artificial nest site, created in a complex of industrially exploited saltpans, was adopted by the flamingos in 1974 after some 500 artificial nests had been placed on it to attract the birds (Johnson 1982) . Since this first occupation, breeding has taken place each year, presumably because of the stable water levels of the The night herons under study exploited ricefields and the adjacent irrigation channels almost exclusively, a relatively homogenous feeding area. Quantifying the size and quality of feeding areas required to sustain breeding populations of a particular size is an ambitious task, but an extremely important conservation issue.
A new attempt to relate waterbirds to habitat was made during the late 1980s over a wide range of Mediterranean wetlands, including all species of colonially nesting Ardeidae (Hafner et al. 1987, Hafner and Fasola 1992) . The data collected through international collaboration on 30 nesting sites in southern France, Spain, Algeria, Tunisia, Israel, Greece, and Italy revealed that the area and quality of freshwater feeding habitats is the main factor limiting the size and diversity of breeding heron populations in the region. Today, the relationship between the available area of different wetland types as foraging habitat and the number of nesting herons and egrets is understood to some extent. However, the problem deserves further study using Geographic Information System (GIS) applications and the detailed analysis of breeding success.
Conservation projects frequently start by identifying the major habitat types used for nesting and for feeding. Thus, much useful information has been collected in various Mediterranean wetlands on terns, gulls and waders. Fasola and Bogliani (1984) quantified the characteristics of Common and Little Tern nesting sites in a 515-km stretch of the polderized floodplain of the Po River in northern Italy. One hundred and ten colonies were investigated to determine the habitat characteristics that influence the distribution of tern colonies. Large islands, low-lying banks, large areas of bare sand or gravel, shallow waters and ponds were found to be the major habitats, fulfilling both requirements for safe nesting and food availability.
To 
Reproductive biology
Seasonally breeding bird species generally depend on a rich and readily exploitable food resource. The study of reproductive success includes the production of offspring, their survival, and, ultimately, their recruitment into the breeding population. In a stable population, adult mortality is compensated by recruitment of young (not taking into account dispersal). Survival and recruitment are important issues which can only be quantified through long-term studies (cf. below). The challenge is to identify critical stages and environmental conditions for successful reproduction.
One way to obtain information on relevant environmental factors for successful reproduction is the analysis of various breeding parameters like clutch size, brood size,juvenile survival and recruitment across a wide range of environmental conditions. An impressive number of studies is now available on Ardeidae for many wetland areas around the Mediterranean (e.g., see Table 4 for examples of university theses). Unfortunately, the dissemination of the results of such studies is generally restricted, yet they represent important contributions for conservation actions. For instance, the studies on the Cattle Egret in North Africa fill a gap in the analysis of latitudinal changes in breeding parameters (Klomp 1970 
LONG-TERM POPULATION STUDIES
Long-term studies are unusual because they require long-term commitment. The previous chapters revealed the importance of environmental conditions on foraging success and reproductive output. These factors will ultimately determine the demography of the populations. Very long periods of study are necessary to understand how a population responds to changes in climate and habitat, and to assess the effect of demographic parameters such as dispersal, adult mortality and recruitment. In spite of the widely recognized need of long-term studies, their number has remained small. This is presumably because few researchers have 
Long-term study on Little Egrets
Valverde's essays on the Little Egret in France (1955, 1956 ) provided a strong incentive to an ongoing long-term study in the Camargue (Hafner 1970) . During the 1980s, the research was gradually expanded to include Italy, Spain, Portugal and Greece. The first task was to define the ecological requirements of Little Egrets at the nest sites and on the feeding and resting grounds. This part of the study included three other species: Cattle Egret, Black-crowned Night-Heron and Squacco Heron (Hafner 1977) . After the initial emphasis on ecological requirements and breeding biology, the annual census of active nests of the four species was maintained throughout the Rhone delta and is still ongoing. A 25-year run of data is now available (Hafner et al. 1992, 1994) . Since the beginning of the 1980s, the scientific study concentrates on the Little Egret. The ultimate aim is to define the environmental and demographic determinants of annual fluctuations in numbers of Little Egrets breeding and wintering in the Camargue. These fluctuations may not be understood in isolation, but only in the context of a very large geographical area. To support the analysis of this phenomenon, data on feeding conditions and distribution were collected during several breeding seasons (Hafner et al. 1982 (Hafner et al. , 1986 
Bird-habitat relationships
Precise information on prey populations remains a major gap in our knowledge. Quantitative studies on foraging ecology require considerable manpower and equipment, such as radio transmitters (e.g., Moser 1984, Hafner and Britton 1983) and nest balances (e.g., Hafner et al. 1993 ). Colonial waterbirds generally feed far from their nesting sites, thus operating in a complex and fluctuating environment. This imposes a limit to detailed field investigations on habitat parameters and food availability. Only in a homogenous foraging area is one able to measure food supply directly (e.g., fish stock of lake Mikri Prespa in Greece, Crivelli 1988). However, direct observations of foraging birds allow an estimation of the suitability of a given foraging area (e.g., Hafner et al. 1982 Hafner et al. , 1986 Bredin 1983) .
Quantitative data on habitat requirements by vulnerable bird species are of particular interest in conservation planning. Despite the limits mentioned, the habitat and food preferences of many species in various Mediterranean wetlands are now well known. Additional studies should therefore concentrate on neglected species or areas. For wetlands where precise information on bird diet requirements exists, management programs for prey populations (mainly fish and amphibians) should be developed in collaboration with prey specialists. In the Camargue, for example, information on mechanisms of wetland colonization by fish in the foraging areas of herons and egrets has been provided to ornithologists (Pont et al. 1991, Rosecchi and Crivelli 1992) . This initial collaboration should be developed further into interdisciplinary research programs to investigate the links between hydrology (water levels, vegetation), prey (fish, amphibians, invertebrates) and colonial waterbird foraging ecology.
The characteristics of nest (colony) sites are well known and, where appropriate, the creation of artificial sites can be a useful conservation tool. However, when planning such measures, it is essential to take into account the considerable demand for food resources throughout the breeding season, even by a small colony. The protection of existing colonies deserves the highest conservation priority. A habitat study on a landscape scale can provide important complementary information. Using information provided by satellite imagery and GIS, it will be possible to measure, both rapidly and accurately, the variation in the extent and composition of the feeding habitats around breeding colonies.
Finally, because winter ecology of waterbirds is an important gap in our knowledge, research should focus on Mediterranean wetlands as well as in important African wintering areas, such as the Inner Delta of the Niger. These studies should aim at an understanding of the factors affecting winter survival, including, in particular, the identification of the most important habitat types for colonial waterbirds outside the breeding season.
Reproductive biology
We still need a better understanding of the process of recruitment in colonial waterbirds. Since we are dealing with open populations with a certain degree of exchange between breeding areas in different countries, we should develop existing local studies into coordinated, cooperative multilateral research projects, as have been started for the long-term population studies described above. International standardization of the field methods and data bases is an essential prerequisite.
Long-term population studies
The development of census work into sophisticated, long-term population ecology studies, illustrated with the examples of pelicans, flamingos and egrets, shows the way to apply successfully tested ecological research methods to other species and species groups and, in a coordinated way, throughout the Mediterranean basin. Bird-habitat relationships should be quantified in a more predictive way for other regional scenarios. Quantitative models on the foraging ecology, trophic networks and food chains will allow the evaluation of the carrying capacities of different habitat types exposed to different environmental stresses, such as temperature increase, sea level rise, hydrological changes, eutrophication, pollutant inflows, etc. Predictive arguments emanating from such combined studies will increasingly be necessary to make sound management decisions for particular wetland ecosystems. The identification and quantification of the key factors influencing population dynamics is a necessary prerequisite for the elaboration of predictive population viability analyses, which, in turn, need to be tested against the changes in the population parameters that are measured in the real world.
Integrated wetland conservation: wise use of their resources and maintenance of their functions
The ultimate goal adopted at the Grado conference in 1991 is "to stop and reverse the loss and degradation of Mediterranean wetlands" (Anonymous 1992). Waterbird ecologists should make this goal their own. Ornithologists and population biologists will have to provide land-use planners, managers and engineers with clear ecological data to be integrated into interdisciplinary studies working with hydrologists, plant ecologists, hydrobiologists, economists and lawyers. Finally, the results of such interdisciplinary studies need to be disseminated more widely, also in a form accessible to local and regional administrators, decision-makers, local councillors, and the people living in or nearby wetland areas and those having a particular interest in the wetland and its functions or resources. 
